Cytokines, in particular interleukin-1/3 (IL-1/3), have been postulated to be important mediators of pancreatic beta-cell destruction during the process of insulitis preceding the onset of insulin-dependent diabetes mellitus (IDDM) [1, 2] . A large body of experimental data has shown an inhibitory and even a toxic action of IL-1/3 on rodent beta-cells [3] [4] [5] [6] . A major component of the IL-1/3-induced beta-cell inhibition has been attributed to nitric oxide (NO) formation catalysed by iNOS [7] [8] [9] . However, evidence demonstrating the actual presence or production of IL-1/3 and NO in the close vicinity of the pancreatic betacells in conjunction with development of IDDM is scarce. In this context it has been reported, using in situ hybridization, that in pancreatic sections of diabetes-prone BB rats IL-1-, tumour necrosis factor (TNF)-and IL-6-positive cells were seen in the periinsular area in 8-26 % of the islets [10] . In addition, it has been shown by in situ hybridization techniques that normal mouse islet cells, most likely beta-cells, possess type i receptors for IL-1 [11] . Moreover, the presence of iNOS has been demonstrated by immunocytochemistry in the islets of Biobreeding (BB) rats [12] .
Currently we have studied pancreatic islets from IDDM-prone NOD mice, which exhibit a marked pancreatic insulitis prior to onset of hyperglycaemia [13] [14] [15] . In most NOD mouse colonies there is a sex difference, with the females showing a much higher incidence of diabetes than the males, despite a similar degree of insulitis. We have previously found that it is feasible to isolate inflamed pancreatic islets with the infiltrating immune cells present together with the islet cells [16] . In such islets, obtained from female and male mice, we have aimed to assess the expression of the IL-lfl gene as well as the gene for ILlra [17] and iNOS, by a semi-quantitative polymerase chain reaction (PCR) assay, in order to elucidate if gender differences exist in the expression of these genes.
Materials and methods
Animals and islet isolation. NOD mice were obtained from a locally inbred colony, which was originally derived from three breeding pairs received from the Clea Company, Aobadi, Japan in 1988. The colony was re-derived in 1991-1992 by Caesarean delivery, due to a decreasing diabetes incidence and mouse hepatitis virus infection. The colony has subsequently been maintained under specific pathogen-free conditions. The spontaneous diabetes incidence is now approximately 62 % in the females and 10 % in the males at 30 weeks of age. Female and male mice, aged 5, 12 or 16 weeks were used in the present study. All animals had free access to autoclaved water and pelleted food (Type R3; Ewos, S6dert~ilje, Sweden). The majority of animals in the colony are becoming diabetic (blood glucose > 12 mmol/1 plus glucosuria) after 16 weeks of age. However, since the yield of islets per pancreas upon collagenase isolation declines considerably with age, islets were not isolated from animals older than 16 weeks.
Pancreatic islets were isolated and hand-picked following collagenase digestion as described in detail elsewhere [18] . Islets from the NOD mice were immediately used, except in one set of experiments where they were cultured free-floating at 37~ (humidified air + 5 % CO2) for i week in medium RPMI 1640 + 10 % fetal calf serum (Northumbria Biologicals, Cramlington, UK). The culture medium was changed every other day. In some experiments islets were also isolated from 12-14 week-old non-diabetes prone-male NMRI mice (ALAB, Sollentuna, Sweden). Experiments were also performed on a rat insulinoma cell line (RINm5F) [19] . These cells were grown in flasks aUowing cell attachment, but otherwise under the same conditions as those described above for the mouse islets. The cells were grown until they reached 50-70 % confluency, incubated with or without 25 U/m1 of IL-1/3 for 24 h and then harvested. Approximately 5 x ]0 6 cells were used for each experiment. IL-lfi was kindly provided by Dr. K. Hejn~es (Novo-Nordisk, Bagswerd, Denmark).
Isolation of mRNA, synthesis of cDNA, and PCR. Groups of 1000-2000 islets were used for mRNA isolation. For this purpose a commercially available kit was used in accord with the manufacturers' instruction manual (Micro-Fast Track; Invitrogen, San Diego, Calif., USA).
First strand cDNA was synthesized with the aid of Riboclone cDNA synthesis system (Promega Biotech, Madison, Wis., USA) using 1 lxg mRNA. RNA was then hydrolysed in 0.5 mol/1NaOH at 55 ~ for 15 min after which DNAwas ethanol precipitated and subsequently dissolved in 100 ~tlH20. cDNA samples (0.5-5 ~tl) were used for the amplification reactions with 0.2 ~mol/1 of the primers and the components of the PCR reactions provided by the GeneAmp kit (Perkin Elmer Cetus, Norwalk, Conn., USA). Two cycles of 94 ~ (1 min), 37 ~ (3 rain), and 72 ~ (1 rain) were run before 25 cycles of 94 ~ (1 rain), 55 ~ (2 rain) and 72 ~ (1 min).
A pair of specific oligonucleotide primers (sense primer 5 '-TTC CAG GAT GAG GAC ATG-3 "; position 327-344 and antisense primer 5 '-CTT TTC CAT CTT CTT CTT-3 '; position 719-702) were used, based on the nucleotide sequence of the murine IL-lfl cDNA [20] .
The presence of mRNA for IL-lra was also analysed by PCR in the samples. Two specific oligonucleotide primers were used (sense primer 5 '-TGG GAT GTT AAC CAG AAG-3 '; position 144-162 and antisense primer 5 '-CTC CTG GAA GTA GAA TTT-3 '; position 548-531) according to the sequence of the human IL-1 ra cDNA [21] . Finally, two specific oligonucleotide primers (sense primer 5 '-ATG GCT TGC CCC TGG AA-3 '; position 185-201 and antisense primer 5 "-GGG TCC TCT GGT CAA ACT-3 '; position 553-536) were used to demonstrate the routine macrophage form of nitric oxide synthase [22] [23] [24] . PCR amplification of the enzyme GAPDH, using oligonucleotides corresponding to positions 104-122 and 323-305 of the human cDNA [25] , were run on all samples in parallel [26] to compensate for differences in cell number, RNA isolation and cDNA synthesis [27] . The samples were electrophoresed on 1.2 % agarose gels for Southern blot analysis [28] hybridizing the blot with the 32P-labelled DNA probes, at 42~ in 50 % formamide. The blots were washed 3x5min each at 20~ in 150mmol/1 NaCI+ 15 mmol/1 NaCitrate + 0.1% SDS and further washed 3 x 30 min at 50 ~ in 15 mmol/1 NaC1 + 1.5 mmol/1 NaCitrate + 0.1% SDS. As probes for IL-1/3 and IL-lra, the PCR amplified fragments were used, which had been subcloned into bluescript pSK + plasmid and confirmed by DNA sequencing. For autoradiography the blots were finally washed, dried and exposed to Hyperfilm-MP (Amersham International, Amersham, UK) overnight at -70 ~ with an intensifying screen. The intensities of the spots obtained after autoradiography were quantitated by densitometry in a Beckman DU-62 spectrophotometer (Palo Alto, Calif., USA).
Bioactivity of IL-1/3. Groups of 500 freshly isolated islets were homogenized in 520 ~1 redistilled water. Fractions (2 x 5 ~1) of the aqueous homogenate were used for measurement of DNA content by fluorophotometry [29] . The remaining part of the homogenate was frozen and later analysed for IL-1/3 bioactivity using the EL-4 murine T-cell line [30] .
Immunohistochemistry. To study the distribution of macrophages in the pancreas of NOD mice, pancreata of female mice aged 5 and 16 weeks were removed, quickly frozen in liquid nitrogen and serially cryosectioned in 8-~m thick sections. The sections were subsequently fixed for 3 min in 4 % paraformaldehyde. Every second section was then stained either with antibodies against insulin or macrophage proteins. Insulin was demonstrated by the peroxidase-antiperoxidase (PAP)-technique [31] . The sections were incubated in 3 % HzO 2 to block endogenous peroxidase activity and with normal swine serum (Dakopatts, Glostrup, Denmark) to block unspecific binding of the secondary antibody. Guinea-pig anti-bovine insulin serum (1 : 160) (Miles-Yeda, Rehovot, Israel) was used as primary antibody and swine anti-rabbit IgG (Dakopatts) as secondary antibody. The sections stained for macrophages were first incubated with normal goat serum (Dakopatts), and the sections were then incubated with the reagents of an avidin/ biotin blocking kit according to the manufacturer's instructions (Vector Laboratories, Burlingame, Calif., USA). The primary mouse macrophage antibody MAS034 [32, 33] , kindly given by Dr. R. Holmdahl, Uppsala, Sweden, was subsequently added, and biotinylated goat anti-rabbit-IgG was applied as secondary antibody. Normal NMRI mouse serum was also added at this stage in order to avoid unspecific binding of the secondary antibody to the tissue. This was followed by detection using the avidin/biotin system (Vectastain ABC elite kit; Vector). Finally, the sections were stained by incubation in aminoethylcarbazole/H20 2 and counterstained with haematoxylin.
Nitrite determination. Groups of 100 freshly-isolated islets, 6-day cultured islets and cultured islets exposed to IL-1/3 were studied. Media samples (80 gl) were deproteinized by addition of 20 pl 35% sulfosalisylic acid (Sigma Chemicals, St. Louis, Mo., USA). Samples were incubated for 30 rain at 0 ~ and subsequently centrifuged for 20 rain at 12,000 g. To the supernatants was added 10 pl of 0.5 % naphtylethylendiamine dihydrochloride (Sigma), 5 % sulfanilamide (Sigma) and 25 % concentrated H3PO 4 [34] . The reaction was carried out 155 at 60~ for 15 min and the absorbance at 546 nm was measured in a spectrophotometer against a standard curve. The nitrite production was investigated both acutely after islet isolation, after culture for 6 days and after another day in culture following medium exchange and addition of IL-1/3 (25 U/ml).
Statistical analysis
For the PCR experiments, islets were isolated and pooled from the pancreatic glands of 7-8 female and male mice of the same age at each occasion. Furthermore, each individual determination represents a separate RNA isolation with all subsequent steps performed individually. Means + SEM were calculated, and female and male islets of the same age isolated in parallel were compared using Student's paired or unpaired t-test. In the experiments where IL-1/3 bioactivity was assessed, the data were compared using Wilcoxon's signed rank test.
Results
The determination of IL-lfl mRNA by PCR amplification of cDNA from 16-week-old female NOD mice followed by Southern blot analysis indicated a linear reaction in that 10 and 5 ng gave values of 61% + 27 % (n = 3) and 35 % + 15 % (n = 3), respectively; the value for 15 ng mRNA transcribed into cDNA (3 V1 of cDNA) was set to 100 %. The reactions for the other cDNA amplifications were also linear. At 5 weeks of age, the IL-lfi mRNA levels, normalized to parallel determination of GAPDH mRNA expression to compensate for differences in cell number, mRNA isolation and cDNA synthesis, were higher in islets isolated from NOD females compared to males (Fig.l) . However, the IL-lfi mRNA levels at 16 weeks of age in islets isolated from males were similar to those of the female NOD islets. In vitro culture of islets isolated from 16-weekold females, a procedure which markedly depletes the islet mononuclear cell infiltration [16] , reduced the level of IL-lfi mRNA expression by about 50 % compared to freshly isolated islets (freshly isolated islets: 3.94+ 0.44 optical density (n = 3) vs cultured islets 1.83 + 0.23 optical density (n = 3); p < 0.05).
IL-1 ra mRNAwas also present in the NOD mouse islets (Fig. 1) . At 5 weeks of age the level of this transcript was higher in the females. However, after 16 weeks the IL-lra mRNA contents reached similar levels in islets of both sexes.
Islets isolated from non-diabetes prone NMRI mice were also examined for the presence of IL-lfl gene expression which was found to be extremely low (Fig. 2) . However, if such islets were exposed to human IL-lfi (25 U/ml) for 48 h, expression of the messenger for IL-lfi increased about ten-fold.
The expression of iNOS mRNA in freshly-isolated NOD and NMRI mouse islets was very low (Table 1) . Nevertheless, there were slightly higher levels of The optical density (OD) of the autoradiographs was normalized per GAPDH levels. Values are means + SEM for three experiments. ~ p < 0.05 vs either corresponding islets of 5-weekold NOD mice or vs NMRI male islets not exposed to cytokine, using unpaired t-test (Fig. 4) . In general, more islets exhibited cell infiltration into the islets in the older animals. Macrophages were scattered in the exocrine as well as in the islet parenchyma; however, there was an accumulation of these cells in the peri-insular space (Fig.4) . Since no morphometric analysis was performed we cannot determine if a difference in the content and distribution of macrophages in the pancreatic sections of 5-and 16-week-old mice existed. In the older animals the islet architecture had also frequently become disarranged. iNOS mRNA in islets isolated from 16 week-old animals, compared to islets of the same sex isolated at 5 weeks of age. On the other hand, exposure in vitro to IL-1/3 strongly induced the transcript in NMRI mouse islets. The nitrite accumulation following incubation of freshly isolated or cultured islets from NMRI and NOD mice (5-and 16-week-old females and males) was negligible (Fig.3) . In line with the iNOS induction, addition of IL-1/3 to the cultured islets markedly increased medium nitrite accumulation in all groups of islets.
IL-lfi mRNA could not be detected in RINm5F cells in three experiments, irrespective of IL-1/3 treatment or not (data not shown), whereas a strong iNOS mRNA signal was observed after incubation of these cells with IL-1/3 ( Table 1) .
The biological activity of IL-1/3, expressed per DNA, in homogenates of islets isolated from female mice at 5 weeks was much higher than in islets obtained from corresponding male mice (Table2). However, the IL-1/3 activity was similar at 16 weeks
Discussion
A crucial point in understanding the putative role of IL-1/3 in the pathogenesis of IDDM is to assess the expression of this gene in islets of animals developing diabetes. The present investigation demonstrates that islets isolated from NOD mice contain measurable levels of IL-1/3. It is likely that the IL-1/3 is mainly produced by intra-islet and peri-insular macrophages, since these cells have previously been observed among the infiltrating cells in NOD mice [35] [36] [37] [38] and in BB rats [12, [39] [40] [41] , and were readily detected in female NOD mouse islets both at 5 and 16 weeks of age. It has recently been reported that beta-cell destruction observed in NOD mice is initiated by activation of T-cell clones reactive against the beta-cell autoantigen glutamic acid decarboxylase [42, 43] . This initial loss of self-tolerance was followed by the activation of T-cell clones reactive to several other beta-cell autoantigens and a gradual build-up of the insulitis. Although the latter model for IDDM in the In the present investigation, it was observed that islets from male N O D mice clearly exhibited lower levels of IL-1/3 activity at 5 weeks of age than islets from the corresponding female mice. Since the diabetes incidence is markedly higher in females than in males, the difference in IL-1/3 levels may reflect early events in a process eventually leading to beta-cell destruction and diabetes. This study does not, however, address the role of I L -I~ released locally in the vicinity of the islets as a T-cell coactivator, and thus it is unclear to what extent high levels of IL-1/3 contribute to diabetes susceptibility.
The present study points also to the presence of IL-1 ra in N O D mouse islets, as assessed by I L -l r a m R N A determinations. I L -l r a is produced by activated macrophages and acts by binding competitively the type i IL-1 receptor without activating it [17] . Clearly, IL-1 ra activities must be taken into account when considering the putative role of IL-1/3 in I D D M [44] . As currently observed with IL-lfi, ILl r a m R N A levels were lower in islets of male N O D mice at 5 weeks of age, but similar to islets of female mice at 16 weeks of age. Thus, no simple relationship between I L -l r a and diabetes progression has been revealed.
An interesting finding in the present study was that IL-1/3 in vitro induced a tenfold IL-lfi mRNA expression in the islets of NMRI mice. This suggests that IL-lfi induced expression of the IL-1/3 gene, presumably occurring in resident macrophages [45] , may lead to accelerated beta-cell damage. It is thus worthy of note that purified rat beta-cells are less sensitive to cytotoxicity induced by IL-1/3 in vitro, than beta-cells situated within intact isolated islets [46] containing residual macrophages and endothelial cells. The current finding that the RINm5F cells did not expresS IL-1/3 mRNA following exposure to IL-1/3 may indicate that beta-cells are not the source of the IL-1/3 mRNA transcript. It must, however, be kept in mind that the RINm5F cells are not necessarily representative of normal islet cells.
It is well documented that IL-1/3 added in vitro to rodent islets, isolated beta-cells and insulin-producing cell lines induces NO formation [7] [8] [9] [47] [48] [49] [50] and that the beta-cell inhibitory action of IL-1/3 is related to NO formation [7] [8] [9] 49] . Transcription and translation of the iNOS messenger has been demonstrated in the islets of pre-diabetic BB rats, mainly in macrophages, but possibly also in other cells in the vicinity of the macrophages [12] . Thus, high concentrations of IL-1/3 released locally by activated macrophages may stimulate adjacent beta-cells to produce NO leading to beta-cell suppression. We therefore examined whether the IL-1/3 mRNA levels observed in the NOD islets were associated with elevated IL-1/3 activity causing increased NO production. The data in Table 1 suggest that there is an induction of the iNOS gene both in the freshly-isolated female and male NOD islets between 5 and 16 weeks of age. However, the findings that the nitrite production was similar in freshly isolated NOD mouse and in control NMRI mouse islets suggest that the local concentrations of IL-1/3 in the NOD islets were too low to induce iNOS enough to cause a detectable NO synthesis. The possibility that the NOD mouse islets were unable to respond to IL-1/3, due to either a genetic or functional inability, is contradicted by the observation that high levels of NO in response to the cytokine were generated during culture. Moreover, recent reports showed that aminoguanidine, a preferential inhibitor of NOS [51, 52] , failed to counteract IDDM in irradiated male NOD mice rendered diabetic by splenocyte transfer from diabetic female NOD mice [53] and mice treated with multiple low doses of streptozotocin [54] . However, we cannot exclude the possibility that IL-1/3 release and iNOS induction was localized to a minor fraction (< 5 %) of the islets at a given time point, which would not be possible to detect in a homogenate of a mixture of NOD mouse islets. Furthermore, it is conceivable that the islets with the most severe insulitis and perhaps the highest iNOS activity, are preferentially lost during the islet isolation procedure.
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In conclusion, our results do not reveal a simple relationship between direct beta-cell destruction, the difference in incidence of diabetes in female and male NOD mice and levels of IL-lfi, IL-lra and NO in these islets. The role of early elevations in islet IL1t3 levels for the development of IDDM, as observed in female mice, remains to be established.
